SICHIERI, R. et al. Geographical patterns of proportionate mortality for the most common causes of death in Brazil. Rev. Saúde públ, S.Paulo, 26:424-30,1992. Mortality due to chronic diseases has been increasing in all regions of Brazil with corresponding decreases in mortality from infectious diseases. The geographical variation in proportionate mortality for chronic diseases for 17 Brazilian state capitals for the year 1985 and their association with socio-economic variables and infectious disease was studied. Calculations were made of correlation coefficients of proportionate mortality for adults of 30 years or above due to ischaemic heart disease, stroke and cancer of the lung, the breast and stomach with 3 socio-economic variables, race, and mortality due to infectious disease. Linear regression analysis included as independent variables the % of illiteracy, % of whites, % of houses with piped water, mean income, age group, sex, and % of deaths caused by infectious disease. The dependent variables were the % of deaths due to each one of the chronic diseases studied by age-sex group. Chronic diseases were an important cause of death in all regions of Brazil. Ischaemic heart diseases, stroke and malignant neoplasms accounted for more than 34% of the mortality in each of the 17 capitals studied. Proportionate cause-specific mortality varied markedly among state capitals. Ranges were 6.3-19.5% for ischaemic heart diseases, 8.3-25.4% for stroke, 2.3-10.4% for infections and 12.2-21.5% for malignant neoplasm. Infectious disease mortality had the highest (p < 0.001) correlation with all the four socio-economic variables studied and ischaemic heart disease showed the second highest correlation (p < 0.05). Higher socio-economic level was related to a lower % of infectious diseases and a higher % of ischaemic heart diseases. Mortality due to breast cancer and stroke was not associated with socio-economic variables. Multivariate linear regression models explained 59% of the variance among state capitals for mortality due to ischaemic heart disease, 50% for stroke, 28% for lung cancer, 24% for breast cancer and 40% for stomach cancer. There were major differences in the proportionate mortality due to chronic diseases among the capitals which could not be accounted for by the social and environmental factors and by the mortality due to infectious disease.
Introduction
Proportionate mortality analysis has important applications to the health care system by showing the areas, population groups and age groups most suitable for the establishment of prevention programs. Also, proportionate mortality may give important clues for epidemiological research.
Mortality due to chronic diseases has increased in all regions of Brazil in the last 40 years 1 . However, Brazil shows great regional disparity for socio-economic indicators 6 as well as for mortality 1, 8 . North and Northeast regions have high mortality rates for infectious disease and low socio-economic status, whereas in the South and Southeast a higher socio-economic level is associated with lower mortality for infectious disease. Increased total mortality is often associated with a higher level of mortality due to infectious disease 9 . The geographical differences for proportionate mortality among state capitals was determined for the leading causes of death in Brazil -ischaemic heart disease (IHD), cerebrovascular disease, here referred to as stroke and malignant neoplasms (MN). The association between cause specific proportionate mortality and socio-economic variables and proportionate mortality due to infectious and parasitic diseases (ID) is also analyzed.
Material and Method
Data on deaths for adults of 30 years of age or above were obtained from the publication of the Ministry of Health 14 for the year 1985, the most recent year for which information has been published. The coding of underlying cause of death was done according to the Ninth Revision of the International Classification of Diseases (ICD) 17 , using the Brazilian short tabulation list for mortality 15 .
The state capitals were chosen as units of analysis because the quality of their data is presumed to be better than that of those for entire states. Nine state capitals with more than 8 per cent of deaths classified as due to ill-defined conditions were excluded from analysis, leaving 17 state capitals for analysis.
The 1980 Census was the source of data on socio-economic and environmental variables 6 . These data were not available for: "Porto Velho", "Macapá", "Maceió" and "Campo Grande". For these state capitals pooled data were used instead from those cities, in each particular state of more than 100,000 inhabitants. Socio-economic data from the census included self-reported information on education level, race (skin color categorized as: white, black, mulatto, yellow), family earnings in terms of minimum salary (about $76 a month in 1980) 18 , and piped water inside the house. The percentage of illiteracy, percentage of whites, percentage of houses with piped water, and mean income were the socio-economic variables included in the analysis for each state capital.
Proportionate mortality for IHD (ICD 410-414), stroke (ICD 430-438), MN (ICD 140-208) and ID (ICD 001-139) were calculated by sex and by 10-year age groups (between 30 and 70 years or older), for each capital. In addition to overall MN the 3 leading sites of cancer: lung, stomach and breast were individually evaluated.
Percentage of ill-defined conditions of death were excluded from the total of deaths in the calculation of the proportions. Data on external causes (ICD E800-E999) were included for comparison because of their high occurrence for some of the state capitals studied.
Age-adjusted proportional mortality ratios (PMR) 3 for each sex and capital were calculated by the formula:
where:
D is the total number of deaths by cause in a particular state capital; tj is the age-specific number of deaths in that state capital; dj is the number of deaths from the cause of interest for all 17 capitals, within an age interval j; oj is the total number of deaths regardless of cause for all 17 state capitals, with the age interval j.
Association between causes of death was measured by the Spearman correlation coefficient. To determine how much of the geographical variation in chronic diseases was to be explained by socio-economic factors and by deaths from infectious disease, multivariate linear regression was performed taking into account the percentage of deaths caused by specific chronic diseases by age group as the dependent variable and age group, sex and percentage of deaths due to ID, 3 socio-economic variables and race as the independent variables. The dependent variable being a proportion an arcsine transformation of this variable should be carried out in order to minimize heteroscedasticity. Because this transformation did not change the results the original values were kept in the analysis. The statistical software used was SAS -Statistical Analysis System 20 .
Results
In 1985, chronic diseases were important causes of death in all regions of Brazil. IHD, stroke and MN accounted for more than 34% of the mortality in each one of the 17 capitals studied, whereas in São Luis, Rio de Janeiro, and the 3 Southern capitals more than 50% of deaths were attributed to these three groups of diseases. There was considerable geographical variation in the proportions of mortality attributable to each disease. Ranges were 6.3-19.5% for ischaemic heart diseases, 8.3-25.4% for stroke, 2.3 -10.4% for infections and 12.2-21.5% for malignant neoplasms (Table 1 ). This Table also shows important geographical variation in the proportional mortality due to ill-defined conditions of death and external causes. The proportion of deaths due to external causes was of about 9%, except for Porto Velho where it accounted for 21%, 92% of whom were men.
Age-adjusted proportional mortality analysis showed geographical differences for all the causes of death studied and for both sexes (Table 2) . Stomach cancer among men had the highest ratio variation ranging from a ratio of observed over expected number of deaths of 0.38 for Terezina to 3.57 for Macapá. The South and Southeast had lower risk for ID mortality with the ratios for these capitals being all lower than one, whereas the ratios for IHD were the highest (Table 2) . Socio-economic indicators also showed important differences in geographical distribution (Table 3). Ranges were 9.0-32.6% illiteracy, 14.9-92.4% white, 1.9-5.0 mean income and 24.5-83.5% piped water.
The Spearman correlation coefficient for ID mortality was negative and highly significant (p < 0.001) for IHD and stroke; whereas this association for lung and stomach cancer was significant only for men, being positive for stomach cancer and negative for lung cancer (Table 4) .
Mortality for ID was negatively correlated with race and the three socio-economic variables studied, being positively correlated to the percentage of illiteracy and negatively related to the percentage of white population, the percentage of households with piped water and mean income. Ischaemic heart disease showed the second highest correlation (p < 0.05) for race and the 3 socioeconomic variables, being negatively correlated to illiteracy and positively correlated to the other variables.
Breast cancer and stroke were not associated with socio-economic variables (Table 5) . Illiteracy was the variable most correlated with all diseases. Its association with the proportionate mortality was quadratic for ID and IHD (Figure) and linear for the other diseases.
Differences in the geographical distribution of the causes of deaths were partially accounted for by socio-economic factors. Multivariate linear regression models explained 59% of the variance for mortality among state capitals due to IHD, 50% for stroke, 40% for stomach cancer, 28% for lung cancer, 24% for breast cancer (Table 6 ).
Discussion
Our findings show the importance of chronic disease mortality in all the state capitals studied. The percentages for chronic disease mortality in Brazil are in between the percentages for developing countries and developed ones 9 . Declining fertility and mortality have caused the median age of the population to increase in Brazil 19 , shifting the dominant public health problems from infant mortality and infectious disease to chronic disease mortality. Public health strategies for dealing with most of the risk factors for chronic diseases have not been implemented in Brazil. Modifications of risk factors such as smoking, obesity, alcohol consumption, and blood pressure should have an important impact on the reduction of chronic disease mortality, as shown in a simulation study for developing countries 5 and in studies related to stroke mortality 11, 12 .
Reservations concerning the quality of data must be kept in mind in the analysis of our results. Only those areas with better quality data have been studied, by including in the analysis only the capitals and by excluding cities with more than 8% of ill defined conditions of death. These conditions have been excluded from the total by assuming that their distribution is similar to that of the known causes of death 10 . Limitation of ecological analysis to the study associations between possible risk factors and diseases 13 should also be noted. The major limitation of ecologic analysis is the potential for bias in the effect estimation. This fact occurs when an ecologic predictor variable has a different association at the individual level than at the overall population level 13 . Also in ecologic analysis the absolute value of the correlation coefficient may be modified by grouping 13 . Despite possible biases, the magnitude of the variations found suggest that they are not related to study design or accuracy of death certificates. For example, the stomach cancer age-adjusted proportional mortality ratio ranged from 0.38 to 3.57 for men. Such a large difference suggests differences in the prevalence of risk factors. Further, our findings are consistent with those from other countries, where cancer of the lung and stomach predominate among men 4, 21 and stroke mortality is higher among women than men 21 . Negative associations between stomach cancer and socio-economic factors have been observed in other countries 7 and in other analyses of mortality in Brazil 16 . Our findings are also in accordance with the literature for the association found between socio-economic factors and infectious disease 9 and IHD 2, 9 . Proportionate mortality may be highly influenced by the competition between causes of death, ID, and external cause mortality, potentially reducing the percentage due to chronic diseases. Data from Porto Velho showed that 21% of deaths were due to external causes and this capital also had the lowest percentage due to IHD. For external causes this problem should be important only among men, since more than 80% of the deaths in those cities with a higher percentage due to external causes occurred among men.
The present study indicates that the major differences in the proportionate mortality due to chronic diseases among the Brazilian capitals can not be accounted for either by social and environment factors or by infectious disease mortality. Studies should be undertaken in the search for specific risk factors that may explain the geographical variations found for chronic diseases. Also, since the proportional mortallity for IHD, stroke and breast cancer is high and negatively associated with ID mortality, as social conditions improve and ID continues to decline, chronic diseases will have increasing important health implications. SICHIERI, R. et al. Variações geográficas no padrão de mortalidade proporcinal por doenças crônico-degenerativas no Brasil. Rev. Saúde públ., S.Paulo, 26: 424-30, 1992. Em razão de a mortalidade por doenças crônico -degenerativas estar aumentando no Brasil, com correspondente redução das doenças infecciosas, foi realizado estudo comparativo entre 17 capitais brasileiras em relação à mortalidade proporcional para as principais causas de morte em 1985. Foram calculados coeficientes de correlação entre a mortalidade proporcional decorrente de doença isquêmica do coração, doença cerebrovascular, câncer de pulmão, mama e estômago e 3 variáveis socioeconômicas, raça e a mortalidade proporcional por doenças infecciosas. A análise multivariada através de regressão linear incluiu como variáveis independentes os percentuais de: analfabetismo, casas com instalação domiciliar de água, renda média, população da cor branca, faixa etária e sexo. As variáveis dependentes foram as percentagens de óbito devido a cada uma das doenças crônico-degenerativas em estudo, por grupo de idade e sexo. Os resultados mostraram que as doenças crônico-degenerativas são importantes causas de morte em todas as regiões do país. A doença isquêmica do coração, a doença cerebrovascular e as neoplasias malignas foram responsáveis por mais do que 34% da mortalidade em todas as capitais estudadas. A mortalidade proporcional variou de forma marcante entre as capitais estudadas, com amplitudes de variação de 6,3-19,5% para a doença isquêmica do coração, 8,3-25,4% para a doença cerebrovascular, 2,3-10,4% para infecções e 12,2-21,5% para as neoplasias malignas. A mortalidade proporcional por infecções apresentou a maior correlação com os indicadores socioeconômicos (p < 0,001), sendo acompanhada pela doença isquêmica do coração (p < 0,05). O alto nível socioeconômico relacionou-se com menor percentagem de mortalidade por infecções e mais alta percentagem de doença isquêmica do coração, enquanto que a mortalidade por doença cerebrovascular e câncer de mama não se associaram com os indicadores socioeconômicos. Os modelos de análise multivariada explicaram 59% da variação entre as capitais, para a doença isquêmica do coração, 50% para a doença cerebrovascular, 28% para o câncer de pulmão, 24% para o câncer de mama e 40% para o câncer de estômago. As importantes diferenças geográficas encontradas para a mortalidade proporcional devido às doenças crônico-degenerativas não podem ser totalmente explicadas pela variação na mortalidade por doenças infecciosas e pelos fatores socioeconômicos estudados, sugerindo a existência de fatores de risco específicos.
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